Novel chips for the communication age — Joint effort on III–V electronics a success  by Diehl, Roland
:::::::~:: :~:::~:$::~::."; : : : : : : : : : : : : : : : : : : : : : : : : : :  :<::::::~::::;: :::~:~.~::?.~:~::~::~:~::.:~ ~:~ : ~$:? :$ :~:  " '~  . . . .  ~ " :  . . . . .  ~ '~ '~  . . . . . . . . . .  'L:'..~::~ .::~::~:~:~'~:~:$~ ~' ::~ :~: :':::~:::~:~:~::~:~:::::::::~:::~:~::~:~ : :::~:~ -?? ~:'::?.':.'~ .~ :~ 
Novel Chips for the 
Communication Age 
Joint Effort on I II-V 
Electronics  a Success  
by Roland Diehl 
With convincing solutions to realize key components of both mobile communication and 
mm wave sensor systems, a 5-year joint effort on III-V electronics in Germany was recently 
finalized. Some of the results of the concerted action that was funded by the German 
Federal Ministry of Education, Science, Research and Technology (BMBF) have already 
found commercial applications as products of the III-V semiconductor technology which is 
of particular importance for implementing innovative information and communication systems. 
As the most renowned representative of this technology GaAs forms the substrate wafer 
base of high-performance ICs for applications such as mobile radio, optical telecom 
and ultrafast digital processing with low power dissipation. 
F 
ive companies and six research 
institutes have elaborated ma- 
terials, processing, device, and 
IC technologies to manufacture in- 
novative chips for state-of-the-art 
communication and sensor systems. 
With a budget of DM150 M of which 
BMBF contributed DM85 M, the joint 
effort among industry, research and 
policy yielded results that are im- 
pressive on a world-wide level - 
MMICs, mmwave ICs, OEICs, digital 
and multifunctional ICs such as gate 
arrays, frequency dividers, multiplex- 
ers/demultiplexers, A/D converters, 
laser drivers and alike have been 
successfuUy demonstrated. Further- 
more, nanoelectronic devices have 
been generated and their application 
potential investigated. 
In later 1990s we face profound 
This broadband GaAs MESFET power amplifier 
(4.2 x 4.1 mm 2) as part of a synthetic aperture radar 
(SAR) system at 9.5-9.7 GHz achieves world-class 
values of 5.6 Was power output and 33% as efficiency 
(Siemens AG). 
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With this multifunctional GaAs MESFET chip (4.3 x 3.0 mm 2) for a microwave landing system (MLS } at 
5.0-5.2 GHz the monolithic integration of a power amplifier and two small-signal ICs was realized for 
the first time in Europe (Siemens AG). 
already offer the more cost-effective 
solution. In the low-noise receiver of 
satellite antennas such chips have 
already seen volume production. Si- 
milar applications are emerging but 
system performance requirements 
could not yet be met with silicon 
technology alone. Affordable GaAs 
ICs have changed this situation. 
Now, tight functional relationships 
have been established between sili- 
con and GaAs producers ince both 
have realized the importance of 
complementarity in creating new 
markets. For most applications the 
GaAs semiconductor portion is only 
10 to 20% but the GaAs components 
provide the key functions of the 
systems. With further increasing fre- 
quencies GaAs is going to face a 
bright future. 
To make the wishes come true, far- 
sighted planning, staying power and 
firm confidence in the potential of 
the III-V technology were considered 
structural changes and recondition- 
ing processes brought about by the 
advent of modern information tech- 
nologies. The information society is 
becoming areality as information and 
telecommunication are no longer a 
privilege of a few users. Failing prices 
for hardware and software have 
enabled extended communication 
infrastructures to be implemented. 
Through data highways and wireless 
networks advanced information tech- 
nologies and their applications are 
not only accessible by large compa- 
nies but also by small enterprises, not 
only in urban centres but also in rural 
areas, not only by public institutions 
but also by private households and, 
particularly, by the individual. 
An important field on which state- 
of-the-art communication technolo- 
gies have a tremendous impact is 
wireless transmission of information 
at microwave frequencies. Radio 
links, satellite radio, DBS, and mobile 
radio are among the most prominent 
applications with "handy phones" 
and base stations representing the 
fastest growing sector of the forth- 
coming decade. Another important 
application sector, albeit yet in its 
infancy but expected to rapidly de- 
velop, is intelligent cruise control and 
collision avoidance radar. To the 
latter, mm wave frequencies around 
77 GHz have been aUocated in Eur- 
ope. The desired HF components 
This three-stage amplifier (2.6 x 1.7 mm 2) for 80 GHz mm signals mm wave signals is in the 
centre of a short-distance radar sensor which timely warns the car driver against obstacles 
(HEMTwith coplanar waveguides on InP substrate; Daimler-Benz). 
have become accessible through 
III-V semiconductor technology. 
As a matter of fact, ICs based on 
GaAs are no longer a sTnonym for 
high prices. Greatly improved pro- 
duction yields, fewer mask levels, 
shrinking chip sizes and growing 
substrate wafer diameters, on-wafer 
testing and simplified packaging and 
mounting gave rise to price/perfor- 
mance ratios comparable to silicon 
ICs. In many cases GaAs devices 
necessary. In Germany a concerted 
action among companies, research 
institutes and the BMBF, a joint 
project called "III-V Electronics" 
was defined to realize the market 
opportunities as they appeared in 
outline. Eleven partners cooperated 
closely executing 23 harmonized 
contributing R & D projects. Total 
budget of the five years' joint effort 
(1991 - 1995) was DM150 M out of 
which DM85 M were granted by the 
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mm ) is a varmble gain amplifier for 38 GHz signals used to interlink base stations in mobile This GaAs chip (2.9 x 1.9 2 • • 
communication systems (Daimler-Benz). 
This monolithic optoelectronic receiver IC (3.0 x 2.0 mm 2) for data rates up to 10 Gbit/s 
exemplifies a world-class level of complexity.The MSM-photodetector is located in the upper 
left corner of the chip followed by transimpedance amplifier, clock recovery (lower left part), 
comparator and 1:4 Demux (right part). A serial data stream of 10 Gbit/s is parallelized into 
four channels with 2.5 Gbit/s each (Fraunhofer-lAF). 
BMBF. With the government as a 
catalyzer scientific and technical pro- 
gress could be accelerated through 
effective xchange of knowledge and 
experience. 
Objective of the joint project co- 
ordinated by the Fraunhofer Institute 
Angewandte Festkoerperphysik (Ap- 
plied Solid State Physics, IAF) of 
Freiburg was to build up a function- 
ing infrastructure for the III-V tech- 
nology in Germany that later became 
part of the European infrastructure 
under EUROGaAs. Extensive and di- 
~ ~  versified research re- 
% 
quired breakdown of 
the effort into three 
divisions, namely "ICs 
for Highest Speeds n,
"Mesoscop ic  De- 
vices n and "Polytectic 
Patterning Techni- 
• ques". The schematic 
of the organizational 
structure informs On 
• the participating part- 
i~{~.~ nets and the major 
R & D topics. 
Cooperat ive  re- 
search within Divi- 
s ion  A covered  
projects with poten- 
tial for desirable so- 
cial developments. 
Future applications 
such as traffic safety 
systems, environmen- 
tal control, and com- 
_ ~ ~  municat ion  were  
emphasized. To ex- 
emplify a few: 
• higher safety of 
traffic through ad- 
vanced technologies such as colli- 
sion avoidance radar, navigational 
systems, and microwave landing 
systems; 
• environmental control through ra- 
dar systems (SAR), mm wave de- 
tectors, and traffic guidance; 
• novel communication services in- 
cluding handles and short-distance 
communication atmm frequencies, 
multigigabit per second data trans- 
mission in optical networks, com- 
munication via satellites (DBS, 
VSAT, GPS) and wireless LANs. 
Projects included process develop- 
ment and optimization, fundamentals 
of ultrahigh frequency circuits, de- 
vice modelling, circuit design, simu- 
lation and test, aiming at the 
demonstration of ICs for advanced 
system applications. Digital and mul- 
ti-functional ICs were further devel- 
oped towards increased complexity 
and integration levels. 
Developing IC processing towards 
yield enhancement and cost reduc- 
tion the partners were able to realize 
quite a number of novel ICs. Siemens 
have processed MM1Cs targeting mo- 
bile radio, MLS, satellite reception 
and environmental radar. Daimler- 
Benz and DASA successfully demon- 
strated 40/80 GHz-mmW-ICs. At 60 
GHz for short-distance radio IAF, 
.~ ~., ... 
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nneling cur rent  
aAs quantum dot  
IGaAs tunneling barr ier  
Metal  
A quantum dot is generated by isolating a tiny column in a heterostructure through dry etching. The column is made 
essentially from GaAs. However, the quantum dot is enclosed between two AIGaAs tunnelling barriers. 
This section of the column can be charged with individual electrons when biasing the device. 
This in-plane-gate transistor with a laterally operating gate exemplifies a mesoscopic device. 
Etching of fine trenches in a thin quantum well epilayer defines a one-dimensional channel for 
carrier transport between source and drain {Daimler-Benz Research). 
Bosch Telecom and Alcatel-SEL have 
explored and realized novel designs 
IAF and IIS have perused a high-risk 
approach in designing and proces- 
sing an A/D converter system aiming 
at a 200 megasamples capacity with 
a resolution of 10 Gbit. Presumably 
the most complex integrated optoe- 
lectronic receiver world-wide oper- 
ating at 10 Gbit/s was also designed 
and realized by IAF. 
The III-V technology has key and 
pathfinder functions for fundamental 
problems of semiconductor technol- 
ogy regarding materials combination, 
nanopatterning, testing, and physical 
limits. That is why partners of Divi- 
sion B have cooperated to demon- 
strate III-V semiconductor structures 
with the smallest dimensions achiev- 
able to-date. Since such dimensions 
are between microscopic and macro- 
scopic they have been termed "me- 
soscopic". They point to advanced 
device concepts at the 
nanometre scale. Me- 
soscop ic  s t ruc tures  
have dimensions com- 
parable to the wave- 
length of the electron. 
Hence, quantum ef- 
fec ts  occur  wh ich  
show potential for de- 
vice applications. The 
basic physics of such 
phenomena were ex- 
plored with quantum 
dots, wires and wells. 
New concepts for the 
real izat ion of HBTs 
have also been investi- 
gated aiming at appli- 
cations such as power 
MMICs. 
Quantum wires may 
allow realization of la- 
ser diodes with very, small threshold 
current densities. Quantum dots can 
be looked upon as artificial atoms 
that contain only a limited number of 
electrons Interaction with the envir- 
onment is achieved through tunnel- 
l ing wh ich  can  be prec ise ly  
controlled with small voltage incre- 
ments. Application of quantum dot 
arrays as novel memories are con- 
ceivable but still speculative. 
Technologies to realise mesoscopic 
devices were elaborated and applied 
by the partners of Division C. Sophis- 
ticated vertical as well as lateral fine 
patterning provided access to the 
field of nanoelectronics. Technolo- 
gies for combining lateral and vertical 
fine patterning "in-situ" were devel- 
oped that allow rather different 
devices such as laser diodes and 
HEMTs to be monolithically inte- 
grated. Such techniques as, e.g. se- 
lec t ive  ep i taxy ,  are  te rmed 
"polytectic". 
Today it is common practice to 
deposit epitaxial III-V layers with 
thickness control in the order of 
atomic monolayers. Not only verti- 
cally but also laterally the dimensions 
become even tinier. Applying elec- 
tron beam lithography, hyperfine 
patterns are written into multilayer 
resists and etched into the semicon- 
ductor surface with highly reactive 
gases. Critical dimensions of 100 nm 
and below are targeted routinely. But 
hyperfine patterning comes with a 
drawback: reduced yield. Hence, one 
aims at realizing lowest dimensions 
avoiding lithographic procedures at 
Page 25 I ~  I Vol 9 No 4 
.... ~:~:'~' ~%'~""~'%~"~'~"~2~ ; !~  .... $V  " :  " ~$~'~"~:o: ~g i~.~i~- ,~ i  '° ' '%'~+%'° ;'''~'~;~':'~" °* '~ + + :+'~W*'~ °~'  " '~&o'~*°~'~1{~:" . . . . .  :~" "~" ~'°"~ "~" : ~" "~:' ;*'" '+'~"'*' "~ ~°:+~" ;~'~'":~'"~'~"~¢:"~"~:*%~*~~!~."~6~ ~ ~;+ "~ ':';:+ . "%  " t~ . .. ~ ,~" ...... c 
Joint Effort on III / V Electronics 
January1, 1991-December  31, 1995 
Steedng 
Committee: 
Siemens AG M0nchen 
Daimler-Benz Research Utm (F2H) 
Daimler-Benz Aerospace AG Ulm (DASA) 
Bosch Telecom Backnang 
AlcateI-SEL Pforzheim 
Max-Planck-lnstitut fOr Festkbrperforschung Stuttgart (MPI-FF) 
Fraunhofer-lnstitut fOr Angewandte Festk6rperphysik Freiburg OAF) 
Fraunhofer-lnstitut for Integrierte Schaltungen Edangen (lIS) 
Walter-Schottky-lnstitut der TU M,3nchen 0NSI) 
Heinrich-Hertz-lnstitut for Nachrichtentechnik Berlin (HHI) 
PauI-Drude-lnstitut fOr Festk~rperelektronik (PDI) 
I 
A. Integrated Circuits 
for Highest Speeds 
Speaker: 
Dr. M, Berroth OAF) 
Partners: 
Bosch Telecom 
DASA 
DB-F2H 
FhG-iAF 
FhG-IIS 
AlcateI-SEL 
Siemens 
MMICs 1 -6  GHz 
8 - 12 GHz 
20-40 GHz 
60-80 GHz 
OEICs (> 10 GbiUs) 
[ ADU (10 biU200 Msps) 
digital (Gate-Array, MUX 
ICs DEMUX, Multipliers; 
Frequency Dividers) 
Coordination: Fraunhofer-lnstitut Angewandte Festkoerperphysik (IAF) 
B. Mesoscopic Devices 
Speaker: 
Prof. K. v. Klitzing (MPI-FF) 
Partners: 
DB-F2H 
FhG-IAF 
MPI-FF 
Siemens 
WSI 
investigation of 
Quantum phenomena, 
Quantum films, 
Quantum wires, 
Quantum dots, 
Tunneling devices 
I 
C. Polytectlc Patterning 
Techniques 
Speaker: 
Prof. G. Weimann (WSI) 
Partners: 
DB-F2H 
FhG-IAF 
HHI 
MPI-FF 
Siemens 
WSI 
PDI 
I 
Nanopatterning 
MBE, MOVPE, 
MOMBE, ALE 
Selective epitaxy 
Electron-/Ion-beam- 
lithography 
Dry etching 
Organisat ional  structure 
of the joint effort on I I I -V 
electronics in Germany. 
all. Hyperf ine d imensions were  also 
real ized wi th  a focussed ion beam to 
achieve pat tern ing  w i thout  resist. 
Crystall ine epi layers are made amor- 
phous along narrow lines by focussed 
ion bombardment  leaving iso lated 
layer areas. Ion implantat ion along a 
line that has a narrow un implanted 
sect ion  al lows a cur rent  to f low 
through this sect ion only. With  two 
implanted lines a transistor was rea- 
l ized the cur rent  of  wh ich  f lows 
along the plane where  it is contro l led 
by the gate. Such an in-plane-gate 
t rans is tor  was also demonst ra ted  
through resist masking wi th  e lect ron 
beam l i thography. 
Novel technologies  to realize quan- 
tum wires and dots also make litho- 
graphy obsolete. GaAs surfaces wi th  
special  or ientat ion show a natural  
pat tern  made of t iny terraces that 
becomes  even more  dist inct  after 
depos i t ion  of  III-V epi layers by MBE. 
Steps and facets are formed wh ich  
give rise to lateral g rowth  of  hetero-  
structures.  Depend ing  on the surface 
topography such polytect ic  techni-  
ques have resu l ted in the in-situ 
growth  of  quantum wires and quan- 
tum dots  that have been charac-  
ter ised by the respect ive  division 
partners.  
Altogether,  the joint pro ject  "III-V 
Electronics" has achieved a mult i tude 
of novel  findings, results, and conclu-  
sions as wel l  as new ideas on how to 
proceed further. Quantum systems 
based on III-V semiconductors  are to 
be invest igated in a fol low-up joint 
p rogramme coord inated by Klaus von 
Klitzing. Also cont inued will  be the 
successful  cooperat ion  on IC devel- 
opment ,  this t ime wi th  a clear focus 
on MMIC~- In a respect ive joint effort 
coord inated  by Guenter  Weimann 
(Fraunhofer- IAF) nine industrial  and 
three research partners  wil l  develop 
HF components  based on a variety of 
III-V MMICs to meet  emerg ing mar- 
ket  opportun i t ies  for such compo-  
nents  in persona l  mob i le  and  
automobi le  communicat ion  systems. 
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